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Abstract
It is very well known at present that different industries agro-food sector generally produce considerable quantities of 
wastewater should be treated imperative for preserving the environment, and thus avoid a real danger to the 
ecosystem. These waters are usually loaded with in pollutants of organic nature. This study was motivated by the fact that 
no quantitative study concerning the physico- chemical behavior of Luffa cylindrica fibers, hence the idea to use the capacity of 
retention by adsorption of contaminants. In the first step, we studied the kinetics of adsorption (static adsorption of system phenol / 
fibers of Luffa cylindrica) by using the model of pollution of the  phenol as a method of analysis the UV spectrophotometry, in a 
second step we valued with quantification the adsorption isotherms obtained in relation to other commonly used isotherms 
(activated carbon / phenol) and a final step optimization of the phenomenon has been conducted, the results are widely presented 
and discussed taking into account the variation some physicochemical parameters. This work demonstrates and confirms the 
possibility of using Luffa cylindrica fibers for industrial treatment of wastewater for its advantageous features: natural fiber, 
economic, non-toxic, biodegradable, filter, fuel and incinerated, ...  etc
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1. Introduction
Manufacturing wastes, discharges of energy installations and transport cause considerable pollution of the 
environment. Pollution of air and water causes changes in microclimate, soil acidification, the poisoning
of animals and vegetables, harmful effects to human health [1, 2]. The chemical industry constitutes a 
major source of pollution, because it contains a number of manufacturing processes related to water use. 
Wastewater meets in rivers and lakes with large amounts of iron, phosphor, lead, manganese, many acids,
toxic agents and other harmful substances [3, 4]. Studies made by the laboratories of the American. 
Agency of Environmental Protection (EPA) on aqueous samples resulting from river water areas of
Mississippi, Potomac and Omio allowed to identified not less than 154 organic compounds different in 
nature. In some industries such as food processing, the rejected effluents may contain relatively large 
amounts of substances (phenolic) so that the aquatic environment is constantly threatened. Indeed, in
normal activity, a single refinery can reject up to 0.5 mg / l of phenol while a catalytic cracking unit of oil
can reject up to 1mg / l. the maximal concentration phenol in water for consumption is 0.001 mg / l in the 
European standard [5]. Some work, the mortal threshold is deadly to some species of about 10 mg / l
while the toxicity threshold is only 5 mg / l, as shown in the following table:
Table 1. Lethal doses (mg/l) of some compounds (phenolics) on some species [1]
phenolic
compounds
Bacteria (Esch. 
Coli)
Algae (Scemendesmus) Crustaceans
(Daphnia)
phenol > 100 40 16
m-cresol 600 40 28
o-cresol 60 40 16
p-cresol > 100 6 12
m-nitrophenol 300 28 24
o-nitrophenol 1000 36 60
p-nitrophenol 100 42 14
The preliminary treatments made on industrial effluents depend to the nature of the process implemented. 
For example, the operations of screening automatic which are desirable in most part of the industries, 
become imperative in others (paper mills and food processing). It is therefore almost impossible to 
schematize simply all these processes seen that the various types of industrial residual water each require
a set of operation, and that these operations are quite different from one another.
2. Experimental part
2.1. Characterization of the Material (F.C.M)
2.1.1. Structural analysis
Identification in the optical microscope
Observation in the optical microscope, allowed us to highlight the following aspects:
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The fiber has a cylindrical shape of average length of 100 μm.
The circular section of the fiber has an average diameter included between 8 and 30 μm.
Infrared identification
The sample is dissolved with the nujol spectroscopic on one wear sample in NaCl is then exposed to 
radiation from an infrared spectrophotometer, "BECKMAN. The analysis shows that the material (FCM) 
has impurities characterized by absorption bands in addition it has a number of groups including:
The OH group frequencies between 2800 and 3500 cm-1.
The group C C in the range of frequencies (1450-1600cm-1).
2.1.2. Physicochemical properties
Physical properties
A density included between 0.7 and 0.86 
A rate of return equal to 7% 
A hit hard and unpleasant 
Go yellow in the high temperatures (
 Burn more or less rapidly
Chemical properties
Action acids
The concentrated hydrochloric and phosphoric acid destroy FCM at room temperature, or nitric acid at 
least more concentrated cold transforms cellulose into nitricellulose.
Action of oxidants
Oxidants (bleach, hydrogen peroxide, EDTA, ....) At low concentrations, destroys the coloring matter 
present in the FCM and are used for bleaching the material, against a high concentration, they degrade 
wear fabrics of FCM
2.2. Procedure and equipment
The procedure and equipment are illustrated in the following chart:
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Fig. 1. Flow chart of the approach to the study of the adsorption system FCM / phenol
3. Results and discussion
3.1. Adsorption rate
Figure 2 shows the variation of the quantity adsorbed according to the concentration of phenol in solution 
for various agitation times: 30, 60, and 120 mn analysis of these curves shows that the shape of the curves 
and the same (point of inflection in the vicinity of Ce = 20 mg / l), any time it should be noted that these 
curves meet at the same point of this Ce = 33 mg/l which divides the curves into two areas:
the first for this Ce < 33 mg/l which we have (qad) 60 mn > (qad) 30 mn > (qad) 120 min. 
The second for this Ce < 33 mg / l which (qad) increases with increasing duration of agitation and with a 
mean apparent adsorption rate V * =  [30 - 60 mn] and 
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Ce = 42 mg/l and that as shown in the following calculation:
V*  [120 - 60] = {(qad)120mn – (qad)60mn}/{120 - 60} = 8.33 10-4 mg/g.mn
V*  [120 - 30] = {(qad)120mn – (qad)30mn}/{120 - 30} = 11.11 10-4 mg/g.mn
V*  [60 - 30] = {(qad)60mn – (qad)30mn}/{60 - 30} = 33.11 10-4 mg/g.mn
In conclusion, it appears clear that the adsorption is favored for a period of agitation equal to one hour.
Fig. 2. Influence of duration time on the adsorption (phenol / FCM)
3.2. General form
When analysis the look overall adsorption isotherms, it was found that they can be three types of 
isotherms figure 3.
First category
Zone 1: at the beginning of the adsorption there is formation of a monolayer with the participation of 
polycouches or fill rate is lower than that of the monolayer.
Zone 2: Average concentrations superposition of two fillings (Moncouche and multilayer) at speeds 
equal. Point C explains that the monolayer is completely filled while it is formed progressively in a 
disorderly manner multilayers.
Zone 3: is formed multilayer, whose thickness increases gradually as the concentration increases resulting 
where from the fast increase of the adsorbed quantity.
Second category
Part 1: corresponds to a progressive formation of the monolayer with increasing concentration, the walls 
become saturated in monolayer or until the monolayer is nearly completed. This zone looks very much 
like the Langmuir isotherm.
Part 2: formation of a polycouche, its thickness increases with increasing concentration. Note also that 
this increase in quantity is greater than the first part not to mention its similarity to the end with the type 
III isotherm, so we can say that the fibers are little porous with a relatively large pore size dp > 200 A°, a 
progressive filling with the formation of monolayers up to full saturation and then polymolecular 
possibility of physical adsorption. In addition to the desorption follows the same path as that of 
adsorption.
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Third category
Zone 1: from the beginning, the filling is made polycouches and in monolayer, but the speed of filling it 
multicouhes is much higher than in monolayer.
Zone 2: the filling is done only with the polycouche, we note here that the fiber surface is heterogeneous, 
adsorption occurs on preferential sites and desorption follows the same path as the adsorption.
Fig. 3. Allure global adsorption isotherms
3.3. Influence of some parameters
Our main objective was to verify the type of adsorption that luffa could have then compare its 
applicability to water treatment in optimal conditions with activated carbon. 
3.3. 1. Influence of initial concentration
Examination of Figure 4 and 5 which shows the variation of the amount adsorbed as a function of contact 
time for different initial concentrations of phenol in solution for the material, we can say that C0 has a 
clear influence on the rate of adsorption of phenol on FCM: the adsorbed amount is much higher than the 
C0 is great.
For example a concentration of 50 mg / l, gives a gain of 43% = {(0.7 - 0.4) / 0.7} where C0 from 25 to 
50 mg/ l, also in the same operating conditions the activated carbon (CMAC 900) has a gain of 59.09% 
compared to the fibers of the luffa cylindrica.
This result is of great interest for wastewater overloaded, for against, it is of no interest for wastewater 
least loaded.
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Fig. 4. Influence of initial concentration on adsorption (phenol / FCM)
Fig. 5. Influence of initial concentration on adsorption (phenol / CMAC 900)
3.3. 2. Influence of duration of contact
The obtained results which are represented on the figure 6, show that the balance for the FCM is reached 
after 10 to 20 minutes. However for a long period of agitation (two hours), the rate of adsorption of FCM 
decreases slightly. This result is similar to that of [6, 7] when studying the sorption of Na + on kraft pulp.
Fig.6. Variation in the quantity of phenol adsorbed on the FCM with the contact time
3.3. 3. Influence of temperature
The results are illustrated in figure 7 show that the temperature has a significant effect on the rate of 
adsorption. Indeed, on the interval of temperatures (4 - 23°C), we notice on one hand that the adsorption 
is favored with increasing temperature: the higher the temperature increases, the amount adsorbed 
(adsorption rate) increases and on the other hand there is a resemblance of the shape of the isotherms at 4 
°C and 17 °C (curve S in the form of presenting a point of inflexion in the vicinity of 20 mg/l, showing 
the superposition of two distinct phenomena) in against 23 °C isotherm changes its shape is almost linear 
at low concentrations (< 25 mg/l). in the experimental conditions of this study and for a concentration 
equal to 40 mg/ l, we have a gain of 24% = {(0.46 - 0.35) / 0.46} at temperatures from 4 °C to 23 °C.
Any time we should also note that according to [5, 8, 9] the increase of adsorption rate with temperature 
has its origin in terms of thermodynamics, because the fixation of phenol on adsorption sites of the solid 
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(FCM) is a global phenomenon endothermic (the higher the temperature increases the amount of 
adsorption increases) up to a threshold phenomenon or other acts in a manner inconsistent with the 
temperature. This last phenomenon is probably due to the increase in the Brownian movement of 
molecules of phenol attached to the solid surface (FCM) with temperature increases of the same time that 
the solubility of phenol in water, this operation will result in the desorption pure phenol. Well [5, 7] also 
report that the influence of adsorption rate with temperature depends on the characteristics of the system 
and usually complex and often inconsistent when it comes to activated carbon as adsorbent and organic 
solutes such phenol as the adsorbate.
Fig. 7. Variation in the quantity of phenol adsorbed on the FCM for different temperatures
3.3. 4. Influence of bleaching of FCM
The adsorption isotherm of FCM bleached with chlorine bleach is shown in Figure 8 this figure shows 
that the adsorbed amount of bleached FCM is 3 times higher than the FCM raw, this is explained by the 
fact that bleaching destroys the coloring matter and impurities, thus creating an internal micro-porosity 
and roughness further, so these free sites are more accessible to the molecules of the adsorbate, the 
surface area becomes more important. 
Fig. 8. Influence of bleaching on adsorption (phenol / FCM)
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4. Conclusion
Treatment results of thermodynamics of adsorption system FCM / phenol shows that:
The adsorption phenomena involved are complex, however, was obtained three types of 
isotherms of type {(II) + (IV)}, (IV) and (II).
For the adsorption isotherms found, the results can be easily treated and modeled according to 
the law Freundlich or Langmuir, especially at low concentration, against the physical meaning of 
physicochemical parameters at stake in the two models was not possible for the complexity of 
the phenomenon.
Of all the protocols described from the adsorption kinetics, it is difficult to express a point of view of both 
general and objective, however, shows that the adsorption of phenol by FCM can be clearly improved in 
terms of adsorption rate, it is especially important:
The equilibrium time is close to 20 mn 
The high pH (pH = 8.5) 
The temperature increases and approaches the ambient temperature 
 The duration time increases (t = 60 mn) 
 The initial concentration is high 
 The washing time and bleaching is pushed 
So the possibilities for optimizing the adsorption of industrial wastewater by FCM are in fact real, and 
leave the industrial look of interesting perspectives, especially for organic species located in low 
concentrations, and that although some fundamental points remain unclear, especially the hydrodynamic 
behavior of the FCM, the adsorption dynamics and the interaction of these fibers with other types of 
chemical solution as phenol. 
This study has led us to better understand and quantify in a quantitative manner the physico-chemical 
phenomena experimentally observed during the adsorption of industrial wastewater. She has to allow to 
appreciate the margin of gain of efficiency for the existing industrial installations.
In prospect, we hope that these results open the way for further investigations (such as the study of the 
influence of chemical parameters (action of acids, oxidizing action ... ..)) and serve other useful work in
the field of Chemical Engineering and Environmental Engineering, including all treatment and refining of 
wastewater by luffa cylindrica fibers.
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